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DISPLAY SUBSTRATE, METHOD OF 
MANUFACTURING THE DISPLAY 
SUBSTRATE AND LIQUID CRYSTAL 

DISPLAY DEVICE HAVING THE DISPLAY 
SUBSTRATE 

PRIORITY STATEMENT 

This application claims priority under 35 U.S.C. S 119 to 
Korean Patent Application No. 2008-66000, filed on Jul. 8, 
2008 in the Korean Intellectual Property Office (KIPO), the 
contents of which are herein incorporated by reference in 
their entirety. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
Exemplary embodiments of the present invention relate to 

a display Substrate, a method of manufacturing the display 
Substrate and a liquid crystal display (LCD) device having the 
display Substrate, and more particularly to a display Substrate 
having enhanced display quality, a method of manufacturing 
the display substrate and an LCD device having the display 
substrate. 

2. Description of Related Art 
Generally, in a transflective-type liquid crystal display 

(LCD) device, a transmissive electrode and a reflective elec 
trode are separately formed in one pixel area, and a signal is 
applied to the transmissive electrode and the reflective elec 
trode through a thin-film transistor (TFT). A liquid crystal cell 
in a transmissive area alters the phase of incident light by a 
/2w retardation. In a reflective area, the transmission length is 
twice that of a cell gap. Thus, the cell gap in the reflective area 
may be half that of a cell gap in the transmissive area, so that 
the phase of incident light in the reflective area is altered by a 
/4) retardation. 

In a general multi-cell gap mode, a cell gap of a reflective 
area is less than a cell gap in a transmissive area. For example, 
steps are formed on a TFT substrate or a color filter substrate 
so that the cell gap in the reflective area is less than the cell gap 
in the transmissive area. 
The multi-cell gap mode may be implemented in a trans 

flective-type LCD device. However, the multi-cell gap LCD 
device is susceptible to defects generated during a manufac 
turing process. For example, alignment layer deposition 
defects caused by the steps of the reflective area, alignment 
defects such as polyimide agglomeration, and texture defects 
may occur. In particular, bruising of liquid crystal may occur, 
and contrast ratio (CR) may be decreased. Moreover, the 
number of mask manufacturing processes may be increased, 
and manufacturing costs may be increased. 

SUMMARY OF THE INVENTION 

According to an embodiment of the present invention, a 
display Substrate includes a base Substrate, an insulation 
layer, a first pixel electrode and a second pixel electrode. The 
base Substrate includes a transmissive area and a reflective 
area. The insulation layer is formed on the base substrate and 
including an embossed pattern in correspondence with the 
transmissive area. The first pixel electrode includes a first 
transmissive electrode formed on the insulation layer of the 
embossed pattern in correspondence with the transmissive 
area, and a first reflective electrode formed above the base 
substrate in correspondence with the reflective area. The sec 
ond pixel electrode includes a second transmissive electrode 
formed on the insulation layer of the embossed pattern in 
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2 
correspondence with the transmissive area, and a second 
reflective electrode in correspondence with the reflective 
aca. 

According to an embodiment of the present invention, the 
display substrate may further include a color filter layer 
formed on the base substrate in correspondence with the 
transmissive area and the reflective area, respectively. The 
insulation layer may beformed on the color filter correspond 
ing to the transmissive area. 

According to an embodiment of the present invention, the 
insulation layer may be a color filter layer including an 
embossed pattern in correspondence with the transmissive 
area, and a flat portion in correspondence with the reflective 
area. The thickness of the color filter layer corresponding to 
the transmissive area may be substantially equal to that of the 
color filter corresponding to the reflective area. 

According to an embodiment of the present invention, 
there is provided a method of manufacturing a display Sub 
strate. In the method, a base Substrate including a transmis 
sive area and a reflective area is provided. An insulation layer 
including an embossed patternis formed on the base substrate 
in correspondence with the transmissive area. A first pixel 
electrode including a first transmissive electrode and a first 
reflective electrode is formed. The first transmissive electrode 
is formed on the insulation layer of the embossed pattern in 
correspondence with the transmissive area. The first reflective 
electrode on the base substrate is formed on the base substrate 
in correspondence with the reflective area. A second pixel 
electrode includes a second transmissive electrode and a sec 
ond reflective electrode. The second transmissive electrode is 
formed on the insulation layer of the embossed pattern cor 
responding to the transmissive area. The second reflective 
electrode is formed on the base substrate in correspondence 
with the reflective area. 

According to an embodiment of the present invention, a 
color filter layer may further be formed on the base substrate 
in correspondence with the transmissive and reflective areas. 
The insulation layer may be formed in an area of the color 
filter layer. A reflective layer may further be disposed between 
the base substrate and the color filter layer in correspondence 
with the reflective area. 

According to an embodiment of the present invention, the 
insulation layer may be a color filter including an embossed 
pattern in correspondence with the transmissive area, and a 
flat portion in correspondence with the reflective area. A 
thickness of the color filter layer corresponding to the trans 
missive area may be substantially the same as a thickness of 
the color filter layer corresponding to the reflective area. 

According to an embodiment of the present invention, an 
LCD device includes a display Substrate, an opposite Sub 
strate and a liquid crystal layer. The display Substrate includes 
a base Substrate including a transmissive area and a reflective 
area, an insulation layer having an embossed pattern in cor 
respondence with the transmissive area being formed on the 
base Substrate, a first pixel electrode including a first trans 
missive electrode formed on the embossed pattern and a first 
reflective electrode formed on the base substrate in corre 
spondence with the reflective area, and a second pixel elec 
trode including a second transmissive electrode formed on the 
embossed pattern and second reflective electrode on the base 
substrate in correspondence with the reflective area. The 
opposite Substratefaces the display Substrate. The liquid crys 
tal layer is disposed between the opposite substrate and the 
display Substrate, and includes a liquid crystal medium. 

According to an embodiment of the present invention, a 
cell gap of the liquid crystal layer corresponding to the trans 
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missive area may be substantially the same as a cell gap of the 
liquid crystal layer corresponding to the reflective area. 

According to an embodiment of the present invention, the 
liquid crystal medium may be in an optical isotropic state 
when an electric field is not applied between the first pixel 
electrode and the second pixel electrode, and the liquid crys 
tal medium may be in an optical anisotropic state when an 
electric field is applied between the first pixel electrode and 
the second pixel electrode. The magnitude of the electric field 
corresponding to the transmissive area may be about twice 
that of the electric field corresponding to the reflective area 
due to the embossed pattern of the insulation layer. 

According to an embodiment of the present invention, a 
retardation of the liquid crystal corresponding to the trans 
missive area may be about half a retardation of the liquid 
crystal layer corresponding to the reflective area. 

According to an embodiment of the present invention, a 
magnitude of an electric field in correspondence with a trans 
missive region may be about twice that of the magnitude of an 
electric field in correspondence with a reflective region and a 
mono-cell gap may be implemented in the LCD device. 
Moreover, a liquid crystallayer has a liquid crystal medium of 
an optical anisotropic State, so that a viewing angle and a 
response time of the LCD device may be enhanced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will become more apparent by 
describing in detailed example embodiments thereof with 
reference to the accompanying drawings. 

FIG. 1 is a plan view illustrating a liquid crystal display 
(LCD) device according to an exemplary embodiment of the 
present invention; 

FIG. 2 is a cross-sectional view taken along a line I-I" in 
FIG. 1: 

FIG.3 is an equivalent circuit diagram illustrating the LCD 
device in FIG. 1; 

FIG. 4 is a waveform diagram illustrating a variation of 
voltages at the first and second pixel electrodes of FIG. 3; 
FIGS.5A to 5C are cross-sectional views illustrating states 

of a liquid crystal medium in the liquid crystal layers of FIG. 
2: 

FIG. 6A is a graph illustrating a driving Voltage of liquid 
crystal molecules according to a height of the embossed pat 
tern of the insulation layer described in FIG. 2; 

FIG. 6B is a graph illustrating a driving Voltage of liquid 
crystal molecules according to a distance between the trans 
missive electrodes, and a driving Voltage of liquid crystal 
molecules according to a distance between the reflective elec 
trodes; 

FIG. 6C is a graph illustrating a relationship between the 
driving Voltages applied to the transmissive electrodes and the 
reflective electrodes and transmittances for each of the trans 
missive area and the reflective area; 

FIGS. 7A to 7C are cross-sectional views illustrating a 
method of manufacturing the display substrate of the LCD 
device in FIG. 2; 

FIGS. 8A and 8B are schematic diagrams illustrating a 
polarizing state of light when the LCD device is driven in 
accordance with the method described in FIGS. 4 to 6C: 

FIG. 9 is a plan view illustrating an LCD device according 
to an exemplary embodiment of the present invention; and 

FIGS. 10A and 10B are cross-sectional views illustrating a 
method of manufacturing a display Substrate of an LCD 
device according to FIG. 9. 
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4 
DETAILED DESCRIPTION OF EXEMPLARY 

EMBODIMENTS 

The present invention is described more fully hereinafter 
with reference to the accompanying drawings, in which 
exemplary embodiments of the present invention are shown. 
The present invention may, however, be embodied in many 
different forms and should not be construed as limited to 
exemplary embodiments set forth herein. Rather, exemplary 
embodiments are provided so that this disclosure will be 
thorough and complete, and will fully convey the scope of the 
present invention to those skilled in the art. In the drawings, 
the sizes and relative sizes of layers and regions may be 
exaggerated for clarity. 

FIG. 1 is a plan view illustrating a liquid crystal display 
(LCD) device according to an exemplary embodiment of the 
present invention. FIG.2 is a cross-sectional view taken along 
a line I-I" in FIG. 1. 

Referring to FIGS. 1 and 2, the LCD device includes a 
display substrate 100, an opposite substrate 200 and a liquid 
crystal layer 300. 
The display substrate 100 includes a first base substrate 

110 having a transmissive area TA and a reflective area R.A. A 
gate line GL, a first data line DL1. a second data line DL2, a 
storage line STL, a first switching element TR1, a second 
switching element TR2, a first pixel electrode PE1, a second 
pixel electrode PE2 and a first alignment layer 190 are formed 
on the first base substrate 110. 
The gate line GL is extended along a first direction, and the 

first and second data lines DL1 and DL2 are extended along a 
second direction crossing the first direction. The first and 
second data lines DL1 and DL2 are adjacent to each other. 
The storage line STL is extended along the first direction and 
is adjacent to the gate line GL. 
The first Switching element TR1 is adjacent to a crossing 

portion of the gate line GL and the first data line DL1. The first 
switching element TR1 includes a first gate electrode GE1 
connected to the gate line GL, a first source electrode SE1 
connected to the first data line DL1, and a first drain electrode 
DE1 electrically connected to the first pixel electrode PE1 
through a first contact portion CT1. 
The second Switching element TR2 is adjacent to a cross 

ing portion of the gate line GL and the second data line DL2. 
The second Switching element TR2 includes a second gate 
electrode GE2 connected to the gate line GL, a second source 
electrode SE2 connected to the second data line DL2, and a 
second drain electrode DE2 electrically connected to the sec 
ond pixel electrode PE2 through a second contact portion 
CT2. The first and second switching elements TR1 and TR2 
further include a first channel pattern CH1 and a second 
channel pattern CH2. 
The first pixel electrode PE1 and a second pixel electrode 

PE2 respectively receive different voltages. The first pixel 
electrode PE1 includes a first transmissive electrode TE1 and 
a first reflective electrode RE1 which are patterned on the first 
base substrate 110, and the second pixel electrode PE2 
includes a second transmissive electrode TE2 and a second 
reflective electrode RE2 which are patterned on the first base 
substrate 110. Here, the first and second transmissive elec 
trodes TE1 and TE2 adjacent to each other are formed in 
correspondence with the transmissive area TA, and the first 
and second reflective electrodes RE1 and RE2 adjacent to 
each other are formed in correspondence with the reflective 
area R.A. 
A data voltage of a first polarity delivered to the first data 

line DL1 through the first switching element TR1 is applied to 
the first pixel electrode PE1, so that the first pixel electrode 
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PE1 has the first polarity (e.g., +). A data Voltage of a second 
polarity delivered to the second data line DL2 through the 
second Switching element TR2 is applied to the second pixel 
electrode PE2, so that the second pixel electrode PE2 has the 
second polarity (e.g., -). 

For example, the first and second pixel electrodes PE1 and 
PE2 are formed on an identical layer, and a horizontal elec 
trical field is formed between the first pixel electrode PE1 and 
the second pixel PE2 due to voltages respectively provided to 
the first pixel electrode PE1 and the second pixel PE2. 

The first alignment layer 190 is formed on the first and 
second pixel electrodes PE1 and PE2, which are formed on 
the first base substrate 110. 

The display substrate 100 may further include a gate insu 
lation layer 120, a protective insulation layer 150, a reflective 
layer 160, a color filter layer 170 and an organic insulation 
layer 172. 
The color filter layer 170 is formed on the protective insu 

lation layer 150 in correspondence with the transmissive area 
TA and the reflective area RA. The color filter layer 170 may 
beformed in a flat shape. The thickness of the color filter layer 
170 corresponding to the transmissive area TA may be sub 
stantially equal to that of the color filter layer 170 correspond 
ing to the reflective area RA. The color filter layer 170 may 
include, for example, a red color filter, a green color filter or 
a blue color filter. 
The organic insulation layer 172 is formed on the color 

filter layer 170 corresponding to the transmissive area TA. 
The insulation layer 170 may include an embossed pattern. 
The reflective layer 160 is formed between the protective 

insulation layer 150 and the color filter layer 170. A black 
matrix BM may be furtherformed on the protective insulation 
layer 150 corresponding to an area where the gate line GL, the 
first and second data lines DL1 and DL2, the first and second 
switching elements TR1 and TR2 are formed. 
The opposite substrate 200 includes a second base sub 

strate 210. A second alignment layer 220 is formed on the 
second base substrate 210. 
The liquid crystal layer 300 includes a liquid crystal 

medium having a changeable optical anisotropy according to 
the electric field formed between the first pixel electrode PE1 
and the second pixel electrode PE2. Additionally, the LCD 
device may further include a column spacer CS disposed 
between the display substrate 100 and the opposite substrate 
200, a first polarizing plate 510, a first 4 plate 420, and a 
second polarizing plate 520. 
A cell gap of the liquid crystal layer 300 in the transmissive 

area TA including the first transmissive electrode TE1 and the 
second transmissive electrode TE2 may be substantially 
equal to a cell gap in the reflective area RA including the first 
reflective electrode RE1 and the second reflective electrode 
RE2. Thus, the thickness of the liquid crystal layer 300 is 
Substantially regular, and the cell gaps in the transmissive area 
TA and in the reflective area RA may be substantially equal. 
Therefore, a mono-cell gap may be used in the transflective 
type LCD device. 

Here, the transmission length of a first light through the 
liquid crystal layer 300 in correspondence with the transmis 
sive area TA is different from the transmission length of a 
second light through the liquid crystallayer 300 in correspon 
dence with the reflective area R.A. 
To increase uniformity of the driving of the liquid crystal 

layer 300 in the transmissive area TA and the reflective area 
RA, the retardation of the liquid crystal layer 300 correspond 
ing to the first light may be substantially half that of the 
retardation of the liquid crystal layer 300 corresponding to the 
second light. 
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6 
According to an embodiment of the present invention, a 

magnitude of the electric field of the liquid crystal layer 300 
corresponding to the transmissive area TA may be about twice 
that of the magnitude of the electric field of the liquid crystal 
layer 300 corresponding to the reflective area RA. The differ 
ent magnitudes may be achieved by forming the first and 
second transmissive electrodes TE1 and TE2 having 
embossed patterns, and the first and second reflective elec 
trodes RE1 and RE.2 having bar shapes. 

FIG.3 is an equivalent circuit diagram illustrating the LCD 
device in FIG. 1. 

Referring to FIGS. 1 and 3, a unit pixel is driven by data 
signals that are delivered through two data lines DL1 and DL2 
and a gate signal that is delivered through a gate line GL. For 
example, the unit pixel includes the first Switching element 
TR1, the second switching element TR2, a liquid crystal 
capacitor CLC, a first storage capacitor CST1 and a second 
storage capacitor CST2. The first switching element TR1 
includes a control electrode (hereinafter, a gate electrode) that 
is connected to the gate line GL, an input electrode (herein 
after, a source electrode) that is connected to the first data line 
DL1, and an output electrode (hereinafter, a drain electrode) 
that is connected to a first terminal of the liquid crystal capaci 
tor CLC. The second switching element TR2 includes a gate 
electrode that is connected to the gate line GL, and a source 
electrode that is connected to the second data line DL2, and a 
drain electrode that is connected to a second terminal of the 
liquid crystal capacitor CLC. 

Data signals having dual polarities are applied to the first 
and second data lines DL1 and DL2, respectively. For 
example, a positive polarity data signal with respect to a 
reference Voltage is applied to the first data line DL1. and a 
negative polarity data signal with respect to the reference 
Voltage is applied to the second data line DL2. Thus, positive 
and negative polarity Voltages are applied so that the liquid 
crystal capacitor CLC may be driven by a high Voltage. 
Accordingly, the dual polarity driving method may enhance 
the response time and the light transmittance of an LCD 
device. 

FIG. 4 is a waveform diagram illustrating a variation of 
voltages at the first and second pixel electrodes of FIG. 3. In 
FIG. 4, a voltage provided to the first pixel electrode PE1 is 
defined as a first pixel voltage V1, a voltage provided to the 
second pixel electrode PE2 is defined as a first pixel voltage 
V2, and a signal provided to the first data line DL1 is defined 
as a first data signal DS1. Additionally, a signal provided to 
the second data line DL2 is defined as a second data signal 
DS2, and a signal provided to the gate line GL is defined as a 
gate signal GS. 

Referring to FIG. 4, the first pixel voltage V1 gradually 
rises to the positive polarity Voltage of the first data signal 
DS1 and the second pixel voltage V2 gradually falls to the 
negative polarity Voltage of the second data signal DS2 when 
the gate signal GS is provided to the gate line GL. A first 
kickback Voltage AVK1 and a second kickback Voltage 
AVK2 are generated when the gate signal is turned on. The 
first kickback voltage AVK1 and a second kickback voltage 
AVK2 respectively reduce the first pixel voltage V1 and sec 
ond pixel voltage V2. The first kickback voltage AVK1 and 
the second kickback voltage AVK2 are substantially equal to 
each other. Therefore, a flicker phenomenon may be substan 
tially prevented by removing a difference the first and second 
kickback voltages AVK1 and AVK2. 
FIGS.5A to 5C are cross-sectional views illustrating states 

of a liquid crystal medium in the liquid crystal layer 300 of 
FIG 2. 
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Referring to FIGS. 2, 5A to 5C, the liquid crystal medium 
of the liquid crystal layer 300 is changed according to the 
electric fields formed between the first transmissive elec 
trodes TE1 and the second transmissive electrodes TE2, and 
the first reflective electrodes RE1 and the second reflective 
electrodes RE2. 

Referring to FIG. 5A, the liquid crystal medium is in an 
optical isotropic State when an electric field is not applied to 
the liquid crystal medium, the liquid crystal medium has an 
orderly structure representing cubic symmetry, and the LCD 
device represents a dark State. The liquid crystal medium is in 
an optical anisotropic state when an electric field is applied to 
the liquid crystal medium, and the LCD device represents a 
white state. 

The liquid crystal medium is in the optical isotropic state 
when an electric field is not applied to the liquid crystal 
medium and in the optical anisotropic state when an electric 
field is applied to the liquid crystal medium. Therefore, light 
leakage may be substantially prevented. Additionally, the 
liquid crystal molecules are individually changed, and thus 
the light viscosity of the liquid crystal medium may not affect 
the response time of the LCD device. Thus, the LCD device 
may have a rapid response time. 

Additionally, the polymer-stabilized liquid crystal is in a 
stable state due to an ultraviolet (UV) hardening process. 
According to an exemplary embodiment of the present inven 
tion, a color filter on array (COA) may be implemented. 

Referring to FIGS. 5B and 5C, the magnitude of the electric 
field between the first and second transmissive electrodes 
TE1 and TE2 is about twice that of the magnitude of the 
electric field between the first and second reflective electrodes 
RE1 and RE2. because the difference in the magnitudes of the 
electric fields can beachieved through different structures, for 
example, the first and second transmissive electrodes TE1 and 
TE2 have embossed patterns and the first and second reflec 
tive electrodes RE1 and RE.2 have bar shapes. Thus, the liquid 
crystal of FIG. 5B is more horizontal than the liquid crystal of 
FIG.5C. The light leakage from the reflective area RA may be 
reduced by not using the embossed pattern. 

Therefore, the magnitude of the electric field of the liquid 
crystal layer 300 corresponding to the transmissive area TA 
may be about twice that of the magnitude of the electric field 
of the liquid crystal layer 300 corresponding to the reflective 
area RA. Thus, a mono-cell gap may be used instead of a 
multi-cell gap. 

FIG. 6A is a graph illustrating a driving Voltage of liquid 
crystal molecules according to a height of the embossed pat 
tern of the insulation layer described in FIG. 2. 

In FIG. 6A, a x-axis represents the height of the embossed 
pattern included on the insulation layer 120, and a y-axis 
represents Voltages incident to the first and second reflective 
electrodes RE1 and RE.2, and the first and second transmis 
sive electrodes TE1 and TE2. Here, the height of the 
embossed pattern included on transmissive electrode TE1 and 
TE2 may be about 1 um to about 4 Lum. 

Referring to FIG. 6A, the driving voltage of the reflective 
area RA is about 30 V when the insulation layer does not 
include the embossed pattern. The driving voltages of the 
reflective area RA are respectively about 22V, about 18 V and 
about 16V when the insulation layer respectively includes the 
embossed patterns having heights of 1 Jum, 2 um and 4 Lum. 
As the height of the embossed pattern of the insulation 

layer increases, a maximum Voltage Vmax of the driving 
Voltage decreases. 
As illustrated above, the maximum voltage Vmax of the 

driving Voltage that is needed when the insulation layer does 
not include the embossed pattern is about twice that of the 
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8 
maximum Voltage Vmax of the driving Voltage that is needed 
when the insulation layer includes the embossed pattern of a 
height of about 4 Lum. Thus, the magnitude of the electric field 
of the liquid crystal layer 300 corresponding to the transmis 
sive area TA may be about twice that of the magnitude of the 
electric field of the liquid crystal layer 300 corresponding to 
the reflective area RA by controlling the height of the 
embossed pattern, to reduce the driving Voltage needed. 

FIG. 6B is a graph illustrating a driving Voltage of liquid 
crystal molecules according to a distance between the first 
and second transmissive electrodes TE1 and TE2, and a driv 
ing Voltage of the liquid crystal layer according to a distance 
between the first and second reflective electrodes RE1 and 
RE2. 

In FIG. 6B, a x-axis represents the distance between the 
first and second transmissive electrodes TE1 and TE2, and the 
distance between the first and second reflective electrodes 
RE1 and RE2. Additionally, a y-axis represents the driving 
Voltage provided to the first and second transmissive elec 
trodes TE1 and TE2, and the driving voltage provided to the 
first and second reflective electrodes RE1 and RE2. Here, the 
first and second transmissive electrodes TE1 and TE2 have 
the embossed patterns formed thereon, and the first and sec 
ond reflective electrodes RE1 and RE.2 have the bar shapes. 
Here, the width of each of the first and second transmissive 
electrodes TE1 and TE2 may be about 2 um through 5um, the 
distance between the first and second transmissive electrodes 
TE1 and TE2 may be about 2 um to about 10 um. Addition 
ally, the width of each of the first and second reflective elec 
trodes RE1 and RE2 may be about 2 um to about 5um, the 
distance between the first and second reflective electrodes 
RE1 and RE2 may be about 2 um to about 10 um. 

Referring to FIG. 6B, as the distance between the elec 
trodes increases, the maximum Voltage Vmax of the driving 
Voltage increases. Therefore, the maximum Voltage Vmax of 
the driving Voltage may be reduced by reducing the distance 
between the electrodes. 

Additionally, referring to the Voltage-distance graph for the 
first and second electrodes RE1 and RE2 in a non-embossed 
pattern area which is indicated by Square dots, and referring to 
the Voltage-distance graph for the first and second electrodes 
TE1 and TE2 in an embossed pattern area which is indicated 
by circular dots, the driving Voltage corresponding to the first 
and second electrodes RE1 and RE2 is about twice that of the 
driving Voltage corresponding to the first and second elec 
trodes TE1 and TE2. Here, the voltage-distance graph for the 
first and second electrodes RE1 and RE2 and the voltage 
distance graph for the first and second electrodes TE1 and 
TE2 are substantially linear. Therefore, the maximum voltage 
Vmax of the driving voltage needed in the embossed pattern 
area TA may be about half that of the maximum voltage Vmax 
of the driving voltage needed in the non-embossed area RA by 
the first and second electrodes TE1 and TE2 having the 
embossed patterns and the first and second electrodes RE1 
and RE.2 having the bar shapes. 

FIG. 6C is a graph illustrating a relationship between the 
driving Voltages applied to the transmissive electrodes and the 
reflective electrodes and transmittances for each of the trans 
missive area TA and the reflective area R.A. 

In FIG. 6C, a X-axis represents the driving Voltages pro 
vided to the first and second reflective electrodes RE1 and 
RE2 and the first and second transmissive electrodes TE1 and 
TE2, and a y-axis represents the transmittances of the liquid 
crystal layer 300 corresponding to the first and second reflec 
tive electrodes RE1 and RE2 and the first and second trans 
missive electrodes TE1 and TE2, using a percent unit. Here, 
the first and second transmissive electrodes TE1 and TE2 
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have the embossed patterns and the first and second reflective 
electrodes RE1 and RE2 have the bar shapes. 

Referring to FIG. 6C, in the transmissive area TA, the 
transmittance represented by dotted line remains almost OV. 
the transmittance gradually rises at a the driving Voltage of 
about 10 V, and the transmittance is almost 100% when the 
driving voltage is about 20 V. However, in the reflective area 
RA, the transmittance represented by a solid line remains 
almost 0 V, the transmittance gradually rises at a driving 
voltage of about 10 V, and the transmittance is almost 100% 
when the driving voltage is about 40 V. Therefore, the trans 
mittance of the liquid crystal layer 300 transmitting the first 
light corresponding to the first and second transmissive elec 
trodes TE1 and TE2 is about twice that of the transmittance of 
the liquid crystal layer 300 transmitting the second light cor 
responding to the first and second reflective electrodes RE1 
and RE2. The second light is reflected by the reflective layer 
160 after passes the first and second reflective electrodes RE1 
and RE2. Therefore, the retardation the liquid crystal layer 
300 corresponding to the transmissive area TA is reduced to 
about half that of the retardation the liquid crystal layer 300 
corresponding to the reflective area R.A. 

Accordingly, different retardations of the liquid crystal 
layer 300 may be controlled by the embossed pattern of the 
first and second transmissive electrodes TE1 and TE2 with 
one driving Voltage. Therefore, the mono-cell gap may be 
used in the transflective-type LCD device instead of the multi 
cell gap which is used for controlling different retardations. 

FIGS. 7A to 7C are cross-sectional views illustrating a 
method of manufacturing the display substrate 100 of the 
LCD device in FIG. 2. 

Referring to FIGS. 2 and 7A, the first base substrate 110 
including the transmissive area TA and the reflective area RA 
is provided. A gate metal is formed on the first base substrate 
110. A gate metal pattern including the gate line GL, the first 
and second gate electrodes GE1 and GE2 and the storage line 
STL is patterned from the gate metal. 
The gate insulation layer 120 is formed on the gate metal 

pattern which is formed on the first base substrate 110. 
Referring to FIGS. 2 and 7B, the first and second channel 

patterns CH1 and CH2 are formed on the gate insulation layer 
120 which is formed on the first base substrate 110. A source 
metal is formed on the first and second channel patterns CH1 
and CH2 which is formed on the gate insulation layer 120. A 
Source metal pattern including the first and second data lines 
DL1 and DL2, the first and second source electrodes SE1 and 
SE2 and the first and second drain electrodes DE1 and DE2 is 
patterned from the source metal. Here, the first and second 
channel patterns CH1 and CH2 and the source metal pattern 
are formed by using different masks. However, the first and 
second channel patterns CH1 and CH2 and the source metal 
pattern may be formed by using the same mask. The protec 
tive insulation layer 150 is formed on the source metal pattern 
above the first base substrate 110. 

Referring to FIGS. 2 and 7C, the black matrix BM, the 
reflective layer 160, the color filter layer 170 and the organic 
insulation layer 172 are formed on the protective insulation 
layer 150 above the first base substrate 110. Here, the black 
matrix BM is formed on the protective insulation layer 150 
corresponding to the gate line GL, the first and second data 
lines DL1 and DL2, and the first and second switching ele 
ments TR1 and TR2. 
The reflective layer 160 is formed between the protective 

insulation layer 150 and the color filter layer 170. 
The color filter layer 170 is formed with substantially the 

same thickness on the protective insulation layer 150 corre 
sponding to the transmissive area TA and the reflective area 
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RA. Here, the color filter layer 170 may include a red color 
filter, a green color filter and/or a blue color filter. 
The organic insulation layer 172 is formed on the color 

filter layer 170 corresponding to the transmissive area TA. 
Here, the organic insulation layer 172 has sub-isolation mem 
bers. 
The first and second channel patterns CH1 and CH2 are 

formed by etching the black matrix BM and the protective 
insulation layer 150 to expose the first and second drain 
electrodes DE1 and DE2. Transparent conductive layer is 
formed and the first and second pixel electrodes PE1 and PE2 
are patterned from the transparent conductive layer. The first 
and second pixel electrodes PE1 and PE2 are electrically 
connected to the first and second drain electrodes DE1 and 
DE2 through the first and second channel patterns CH1 and 
CH2. The first pixel electrode PE1 includes the first transmis 
sive electrodes TE1 and the first reflective electrodes RE1, 
and the second pixel electrode PE2 includes the second trans 
missive electrodes TE2 and the second reflective electrodes 
RE2. Here, the first and second transmissive electrodes TE1 
and TE2 have the embossed patterns, and the first and second 
reflective electrodes RE1 and RE2 have bar shapes. 
The first alignment layer 190 is formed on the first and 

second pixel electrodes PE1 and PE2 above the first base 
Substrate 110. 

FIGS. 8A and 8B are schematic diagrams illustrating a 
polarizing state of light when the LCD device is driven in 
accordance with the method described in FIGS. 4 to 6C. Here, 
the first and second 4 plates 410 and 420 are used so that a 
dark mode and a white mode on both the transmissive area TA 
and the reflective area RA are displayed. 
The dark mode is illustrated in FIG.8A as an offstate when 

the first pixel voltage V1 is not applied to the first transmissive 
electrodes TE1 and the first reflective electrodes RE1, and the 
second pixel Voltage V2 is not applied to the second trans 
missive electrode TE2 and the second reflective electrode 
RE2. The white mode is illustrated in FIG. 8B as an on state 
when the first pixel voltage V1 is applied to the first transmis 
sive electrodes TE1 and the first reflective electrodes RE1, 
and the second pixel Voltage V2 is applied to the second 
transmissive electrode TE2 and the second reflective elec 
trode RE2. 

Referring to FIGS. 2, 4, 8A, and 8B, the first 4 plate 410 
is disposed on arear face of the display substrate 110. The first 
polarizing plate 510 is disposed under the first 4 plate 410. 
The second 4 plate 420 is disposed on an upper face of the 
opposite substrate 210. The second polarizing plate 520 is 
disposed on the second /4 plate 420. 
The first light being incident into the first polarizing plate 

510 in FIG. 8A is linearly polarized by the first polarizing 
plate 510. Then the first light is circularly polarized along a 
first polarization direction by the first 4 plate 410 and is 
incident into the liquid crystal layer 300 through the first and 
second transmissive electrodes TE1 and TE2. The first polar 
ization direction is used for convenience so as to discriminate 
a circular polarization direction. 
The liquid crystal layer 300 maintains the polarization 

direction of the first light in the off state. Thus, the first light 
which is circularly polarized along the first polarization direc 
tion may be linearly polarized by the second /4 plate 420. 
The first light is blocked by the second polarizing plate 520 
whose polarizing axis is perpendicular to that of the first 
polarizing plate 510 so that the dark mode may be displayed. 
The second light being incident into the second polarizing 

plate 520 is linearly polarized by the second polarizing plate 
520. Then the second light is circularly polarized along a 
second polarization direction by the second /4 plate 420 and 
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is incident into the liquid crystal layer 300 through the first 
and second reflective electrodes RE1 and RE2. The second 
polarization direction is referred to as a direction having a 
180-degree phase difference with respect to the first polariza 
tion direction. 

The polarization direction of the second light passing 
through the liquid crystal layer 300 may not vary in the off 
state. When the second light is reflected from the reflective 
layer 160 after the second light is transmitted through the first 
and second reflective electrodes RE1 and RE2, the phase of 
the second light is inverted to the second polarization direc 
tion. Thus, the second light after reflection may be circularly 
polarized light along the first polarization direction and is 
again incident into the second 4 plate 420. 
The second light which is circularly polarized light along 

the first polarization direction is linearly polarized by the 
second 4 plate 420. The second light is blocked by the 
second polarizing plate 520 so that the dark mode may be 
displayed. 

Thus, the dark mode is displayed in the transmissive area 
TA and the reflective area RA in the off state. 

Referring to FIG. 8B, the cell gap is constant in the trans 
missive area TA and the reflective area R.A. The liquid crystal 
layer 300 may alter the polarization direction of incident 
light. 
The liquid crystal layer 300 corresponding to the transmis 

sive area TA is realigned due to electric field generated by the 
first transmissive electrode TE1 to which the first pixel volt 
age V1 is applied and the second transmissive electrode TE2 
to which the second pixel voltage V2 is applied. Thus, the first 
light passing through the liquid crystal layer 300 may expe 
rience a /2) phase difference. 

Thus, the first light which is circularly polarized along the 
first polarization direction is circularly polarized along the 
second polarization direction by the liquid crystal layer 300. 
The first light which is circularly polarized along the second 
polarization direction may be linearly polarized by the second 
/4 plate 420. The first light passes through the second polar 
izing plate 520 so that the white mode may be displayed. 
The liquid crystal layer 300 corresponding to the reflective 

area RA is realigned due to an electric field generated by the 
first reflective electrode RE1 to which the first pixel voltage 
V1 is applied and the second reflective electrode RE2 to 
which the second pixel voltage V2 is applied. Thus, the sec 
ond light passing through once the liquid crystal layer 300 in 
the reflective area RA may experience a 42 phase difference. 

Thus, the second light which is circularly polarized along 
the second polarization direction by the second /4 plate 420 
is linearly polarized by the liquid crystal layer 300 and is 
incident into the first and second reflective electrodes RE1 
and RE2. The second light has a phase inversion before and 
after reflection on the reflective layer 160 after passing the 
first and second reflective electrodes RE1 and RE2. Then, the 
second light, linearly polarized light, is passed through the 
liquid crystal layer 300 again. The phase of the second light is 
altered by 4 due to the liquid crystal layer 300 so that the 
second light is circularly polarized along the second direc 
tion. 

The second light may be linearly polarized by the second 
/4 plate 420. The second light passes through the second 
polarizing plate 520 so that the white mode may be displayed. 

Thus, the white mode is displayed in the transmissive area 
TA and the reflective area RA in the on state. 

Thus, light efficiency in the transmissive area TA and the 
reflective area RA may be improved. Additionally, outdoor 
visibility of the LCD device may be high due to a transflective 
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method. Therefore, the outdoor visibility may be enhanced 
when the area of the reflective area RA rises. 

FIG. 9 is a plan view illustrating an LCD device according 
to an exemplary embodiment of the present invention. 
The LCD device in FIG. 9 is substantially the same as the 

LCD device in FIG. 1 except that a color filter layer 270 
corresponding to the transmissive area TA has embossed pat 
terns, and the color filter layer 270 corresponding to the 
reflective area RA is flat. Thus, a corresponding reference 
numbers are used for corresponding elements and repetitive 
descriptions are omitted. 
The color filter layer 270 corresponding to the transmissive 

area TA has embossed patterns. The color filter layer 270 is 
formed with substantially the same thickness in the transmis 
sive area TA and the reflective area RA. The size of embossed 
pattern illustrated in FIG. 9 is exaggerated, and thus the 
thickness of the color filter layer 270 corresponding to the 
transmissive area TA and the thickness of the color filter layer 
270 corresponding to the reflective area RA are substantially 
equal to each other. 
A driving method of the LCD device in FIG. 9 is substan 

tially equal to the driving method illustrated in FIGS. 4 to 6C. 
Thus, repetitive descriptions are omitted. 

FIGS. 10A and 10B are cross-sectional views illustrating a 
method of manufacturing a display substrate 200 of an LCD 
device according to an exemplary embodiment of the present 
invention. However, the method of manufacturing the display 
substrate 200 until the protective insulation layer 150 is 
formed is Substantially the same as to the method of manu 
facturing the display substrate 100. Thus, repetitive descrip 
tions are omitted. 

Referring to FIGS. 9 and 10A, the black matrix BM, the 
reflective layer 160 and the color filter layer 270 are formed 
on the protective insulation layer 150 above the first base 
substrate 110. Here, the black matrix BM is formed on the 
protective insulation layer 150 corresponding to the gate line 
GL, the first and second data lines DL1 and DL2, and the first 
and second switching elements TR1 and TR2. 
The reflective layer 160 is formed corresponding to the 

reflective areaRA between the protective insulation layer 150 
and the color filter layer 170. 
The color filter layer 270 is formed with substantially the 

same thickness on the protective insulation layer 150 corre 
sponding to the transmissive area TA and the reflective area 
RA. Here, the color filter layer 270 may include a red color 
filter, a green color filter and/or a blue color filter. 
The color filter layer 270 is formed corresponding to the 

transmissive area TA with embossed patterns. Here, the 
embossed patterns are extended from the color filter layer 
270. Thus, a manufacturing process for patterning of an insu 
lation layer may be omitted. Therefore, costs of the manufac 
turing process may be reduced and productivity may be 
enhanced. 
The first and second channel patterns CH1 and CH2 are 

formed by etching the black matrix BM and the protective 
insulation layer 150 to expose the first and second drain 
electrodes DE1 and DE2. 

Referring to FIGS.9 and 10B, transparent conductive layer 
is formed on the first and second channel patterns CH1 and 
CH2. The first and second pixel electrodes PE1 and PE2 are 
patterned from the transparent conductive layer. The first and 
second pixel electrodes PE1 and PE2 are electrically con 
nected to the first and second drain electrodes DE1 and DE2 
through the first and second channel patterns CH1 and CH2. 
The first pixel electrode PE1 includes the first transmissive 
electrodes TE1 and the first reflective electrodes RE1, and the 
second pixel electrode PE2 includes the second transmissive 
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electrodes TE2 and the second reflective electrodes RE2. 
Here, the first and second transmissive electrodes TE1 and 
TE2 have the embossed pattern, and the first and second 
reflective electrodes RE1 and RE2 have bar shapes. 
The first alignment layer 190 is formed on the first and 

second pixel electrodes PE1 and PE2 above the first base 
Substrate 110. 

Accordingly, the magnitude of the electric field of the 
liquid crystal layer 300 corresponding to the transmissive 
area TA may be about twice that of the magnitude of the 
electric field of the liquid crystal layer 300 corresponding to 
the reflective area RA. Thus, a mono-cell gap may be used 
instead of a multi-cell gap. 

Polarization, on the transmissive electrodes and reflective 
electrodes when the LCD device is driven according to the 
method illustrated in FIGS. 4 to 6C, is substantially the same 
as the polarization on the transmissive electrodes and reflec 
tive electrodes illustrated in FIGS. 8A and 8B. Thus, repeti 
tive descriptions are omitted. 

According to the embodiments of the present invention, 
different retardations of a liquid crystal layer may be con 
trolled by an embossed pattern of first and second transmis 
sive electrodes and with one driving Voltage. Additionally, a 
mono-cell gap may be used in a transflective-type LCD 
device instead of the multi-cell gap which is used for control 
ling different retardations. Therefore, costs of a manufactur 
ing process may be reduced and productivity may be 
enhanced. Additionally, the LCD device includes the liquid 
crystal layer including a liquid crystal medium of which the 
optical anisotropy is altered due to an electric field. Therefore, 
the viewing angle and the response time of the LCD device 
may be enhanced. 
The foregoing is illustrative of the present invention and is 

not to be construed as limiting thereof. Although exemplary 
embodiments of the present invention have been described, 
those skilled in the art will readily appreciate that many 
modifications are possible without materially departing from 
the novel teachings of the present invention. Accordingly, all 
such modifications are intended to be included within the 
Scope of the present invention as defined in the claims. In the 
claims, means-plus-function clauses are intended to cover the 
structures described herein as performing the recited function 
and not only structural equivalents but also equivalent struc 
tures. Therefore, it is to be understood that the foregoing is 
illustrative of the present invention and is not to be construed 
as limited to exemplary embodiments disclosed, and that 
modifications to the disclosed example embodiments, as well 
as other embodiments, are intended to be included within the 
Scope of the appended claims. The present invention is 
defined by the following claims, with equivalents of the 
claims to be included therein. 

What is claimed is: 
1. A display Substrate comprising: 
a base Substrate comprising a transmissive area and a 

reflective area; 
an insulation layer being formed on the base Substrate to 

have an embossed pattern in correspondence with the 
transmissive area; 

a first pixel electrode comprising a first transmissive elec 
trode formed on the insulation layer of the embossed 
pattern in correspondence with the transmissive area, 
and a first reflective electrode formed on the base sub 
strate in correspondence with the reflective area; and 

a second pixel electrode comprising a second transmissive 
electrode formed on the insulation layer of the embossed 
pattern in correspondence with the transmissive area, 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

14 
and a second reflective electrode formed on the base 
substrate in correspondence with the reflective area. 

2. The display Substrate of claim 1, further comprising a 
color filter layer formed on the base substrate in correspon 
dence with the transmissive area and the reflective area, 
respectively, wherein the insulation layer is formed on the 
color filter corresponding to the transmissive area. 

3. The display substrate of claim 2, further comprising a 
reflective layer being disposed between the base substrate and 
the color filter layer in correspondence with the reflective 
aca. 

4. The display substrate of claim 1, wherein the first trans 
missive electrode and the second transmissive electrode are 
adjacent to each other, and the first reflective electrode and the 
second reflective electrode are adjacent to each other. 

5. The display substrate of claim 1, wherein each of the first 
reflective electrode and the second reflective electrode has a 
bar shape. 

6. The display substrate of claim 1, wherein the first pixel 
electrode and the second pixel electrode are connected to 
different switching elements. 

7. The display substrate of claim 1, wherein the insulation 
layer is a color filter layer comprising an embossed pattern in 
correspondence with the transmissive area and a flat portion 
in correspondence with the reflective area. 

8. The display substrate of claim 7, wherein a thickness of 
the color filter layer corresponding to the transmissive area is 
substantially the same as a thickness of the color filter corre 
sponding to the reflective area. 

9. The display substrate of claim 7, further comprising a 
reflective layer being disposed between the base substrate and 
the color filter layer corresponding to the reflective area. 

10. A method of manufacturing a display Substrate, the 
method comprising: 

providing a base Substrate comprising a transmissive area 
and a reflective area; 

forming an insulation layer comprising an embossed pat 
tern on the base substrate in correspondence with the 
transmissive area; 

forming a first pixel electrode comprising a first transmis 
sive electrode on the insulation layer of the embossed 
pattern in correspondence with the transmissive area, 
and a first reflective electrode formed on the base sub 
strate in correspondence with the reflective area; and 

forming a second pixel electrode comprising a second 
transmissive electrode on the insulation layer of the 
embossed pattern in correspondence with the transmis 
sive area, and a second reflective electrode formed on the 
base substrate in correspondence with the reflective 
aca. 

11. The method of claim 10, further comprising forming a 
color filter layer on the base substrate in correspondence with 
the transmissive and reflective areas, 

wherein the insulation layer is formed in an area of the 
color filter layer. 

12. The method of claim 11, further comprising disposing 
a reflective layer between the base substrate and the color 
filter layer in correspondence with the reflective area. 

13. The method of claim 10, wherein the insulation layer is 
a color filter layer comprising an embossing pattern in corre 
spondence with the transmissive area and a flat portion in 
correspondence with the reflective area. 

14. The method of claim 13, wherein a thickness of the 
color filter layer corresponding to the transmissive area is 
substantially the same as a thickness of the color filter layer 
corresponding to the reflective area. 
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15. The method of claim 10, wherein the first pixel elec 
trode and the second pixel electrode are connected to different 
Switching elements. 

16. A liquid crystal display (LCD) device comprising: 
a display Substrate comprising a base Substrate comprising 

a transmissive area and a reflective area, an insulation 
layer having an embossed pattern in correspondence 
with the transmissive area being formed on the base 
Substrate, a first pixel electrode comprising a first trans 
missive electrode formed on the embossed pattern and a 
first reflective electrode formed on the base substrate in 
correspondence with the reflective area, and a second 
pixel electrode comprising a second transmissive elec 
trode formed on the embossed pattern and second reflec 
tive electrode on the base substrate in correspondence 
with the reflective area; 

an opposite Substrate facing the display Substrate; and 
a liquid crystal layer disposed between the opposite Sub 

strate and the display Substrate, the liquid crystal layer 
comprising a liquid crystal medium. 

17. The LCD device of claim 16, wherein a cell gap of the 
liquid crystal layer corresponding to the transmissive area is 

10 

15 

16 
Substantially the same as a cell gap of the liquid crystal layer 
corresponding to the reflective area. 

18. The LCD device of claim 16, wherein the liquid crystal 
medium is in an optical isotropic state when an electric field 
is not applied between the first pixel electrode and the second 
pixel electrode, and the liquid crystal medium is in an optical 
anisotropic state when an electric field is applied between the 
first pixel electrode and the second pixel electrode. 

19. The LCD device of claim 16, wherein a magnitude of an 
electric field formed between the first pixel electrode and the 
second pixel electrode corresponding to the transmissive area 
is about twice that of an electric field formed between the first 
pixel electrode and the second pixel electrode corresponding 
to the reflective area. 

20. The LCD device of claim 16, wherein a retardation of 
the liquid crystal layer corresponding to the transmissive area 
is about half that of the liquid crystal layer corresponding to 
the reflective area. 


